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(S) A cylindrical cartM>n segment commutator. 



Carbon commutator segments (4) are sec- 
ured to a base member (1) by means of integral 
anchor pieces (8) disposed within axially 
extending, crucifonm-section slots (5) formed in 
the outer cylindrical surface (2) of an insulating 
base member (1). Elongate contact members (3) 
having lateral edges (10) seated in lateral parts 
(13) of the slots (5) are embedded in the anchor 
pieces (8) and are each provided, at one end, 
with a terminal (15) for connection to an armat- 
ure winding lead wire (16). The carbon seg- 
ments (4) and the integral anchor pieces (8) are 
formed by enclosing the base meml)er (1), to- 
gether with assembled contact members (3), in 
a mould and then injecting a mouldable mixture 
of carbon powder and carrier material into the 
space between the mould and the assembly. 
When the injection moulded layer has solidified, 
an annular-section outer portion of this injec- 
tion moulded layer is divided into segments (4) 
by means of axially-extending radial cuts (25). 
Holes (12), fonmed in a central part of each 
contact member (3), facilitate the flow of mould- 
able mixture and ensure that the mouldable 
mixture fills that part of each slot (5) which is 
not occupied by the contact member (3) dis- 
posed within the slot (5). 
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Field of the Invention 

The invention relates to a cylindrical carbon seg- 
ment commutator for use in an electrically-driven fuel 
pump unit which is immersed in liquid fuel. 5 

Background Art 

According to current practice, fuel-injected inter- 
nal combustion engines are supplied with fuel by 10 
means of electrically-driven fuel pump units disposed 
within the fuel tanks of these engines and immersed 
in fuel. Electric motors forming parts of these units 
normally utilize conventional copper commutators. 
However, wear of these copper commutators is sur- 15 
prisingly heavy. This wear, it is thought, arises from 
the combined effects of abrasion by the carbon 
brushes engaging the commutator and electrolytic 
" erosion resulting from the small but common water 
content of commercially available fuels. These two in- 20 
fluences appear to operate synerglstically. It there- 
fore seems desirable to replace copper commutators 
with non-metallic commutators which are not subject 
to the same degree of electrolytic erosion when im- 
mersed in fuel contaminated with water. 25 

One known planar carbon segment commutator, 
disclosed in the specification of German utility model 
G 89 07 045.3. in the Joint names of Deutsche Car- 
bone AG and Robert Bosch GmbH, comprises an in- 
sulating support member having a circular face, cop- 30 
per contact members mounted on the circular face of 
the support member, and a carbon layer provided out- 
side each contact member by injection moulding a 
mixture of carbon powder and carrier material. 

An outer rim on each contact member supports 35 
the carbon layer mounted on the contact member 
against centrifugal force and, to support the carbon 
layers against axial displacement, each layer is 
formed integral with at least one axially extending an- 
chor piece, during the injection moulding process, af- 40 
ter providing axially extending holes in the support 
member and/or the contact members for receiving the 
injection moulded mixture. These anchor pieces need 
not be very strong to prevent axial removal of the car- 
bon layers because there is little axial loading on the 45 
carbon layers urging them away from the contact 
members. The brushes engaging the commutator ac- 
tually assist the anchor pieces by pressing the carbon 
layers against the contact members and the support 
member. 50 

One known cylindrical cartK3n segment commuta- 
tor comprises a base member of insulating material, 
such as liquid crystal polymer or phenolic resin, hav- 
ing an axially extending outer surface; a plurality of 
elongate axially-extending contact members; and a 55 
plurality of carbon segments respectively connected 
to the contact members and held in fixed relation to 
the base member. 



In this known construction, the contact members 
comprise copper segments and the carbon segnnents 
have metal coated inner surfaces which are soldered 
to the copper segments constituting the contact 
members. 

Construction of carbon segment commutators 
such as this involves the costly and time consuming 
steps of electroplating, or otherwise coating, the in- 
ner surfaces of the carbon segments with a highly 
conductive metal, such as copper, and then soldering 
the metal-plated surfaces of the carbon segments to 
the copper segments. 

Disclosure of invention 

The purpose of the present invention is to simpli- 
fy and reduce the assembly cost of cylindrical carbon 
segment co mmutators. 



This is achieved by ensuring that a plurality of ax- 
ially-extending , Internally-shouldered or internally di- 
vergent slots are formed in the outer sur^ce of the 
base member; each slot has a necked or narrower 
portion and, radially inwards of the necked or narrow- 
er portion, a shouldered or broader portion of greater 
circumferential extent than the necked or narrower 
portion; the contact members are respectively dis- 
posed within the slots; and the carbon segments are 
overmoulded segments formed integral with anchor 
pieces which are respectively disposed within the 
slots and fill those parts of the slots which are not oc- 
cupied by the contact members disposed within the 
slots. 

Thus, according to the invention, there is provid- 
ed a cylindrical carbon segment commutator, for an 
electric motor, comprising a base member, of insulat- 
ing material, having an axially extending outer surface 
and a plurality of axially-extending, internally-shoul- 
dered or internally divergent slots which each have a 
necked or narrower portion and, radiafly inwards of 
the necked o r narrower portion, a shouldered or 
broader portion of greater circumferential extent than 
the necked a narrower portion, formed in the outer 
surface of the base member; a plurality of elongate 
contact members respectively disposed within the 
slots; and a plurality of overmoulded carbon seg- 
ments formed Integral with anchor pieces which are 
respectively disposed within the slots and fill those 
parts of the slots which are not occupied by the con- 
tact members disp>osed within the slots to thereby 
connect the carbon segments to the contact mem- 
bers and hold the carbon segments in f bced relation 
to the base member. 

The invention also provides a method of forming 
a cylindrical carbon segment commutator for an elec- 
tric motor comprising the steps of providing a base 
member of insulating material having an axially-ex- 
tending outer surface and, formed in the outer sur- 
face of the base member, a plurality of axially-extend- 
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ing, internally-shouldered or internally divei^ent slots 
which each has a radial axis, a necked or narrower 
portion and, radially inwards of the necked or narrow- 
er portion, a shouldered or broader portion of greater 
circumferential extent than the necked or narrower 5 
portion; mounting a plurality of elongate contact 
members in the slots; overmoulding a layer of carbon, 
on the outer surface of the base member, having an 
outer, annular-section portion and a plurality of inte- 
gral anchor pieces, respectively disposed within the io 
slots, which fill those parts of the slots which are not 
occupied by the contact members disposed within 
the slots; and dividing the outer, annular-section por- 
tion of t he layer of carbon into a plurality of circunrtfer- 
entially-spaced segments, which are respectively in- is 
tegrai with the anchor pieces, by means of axially ex- 
tending cuts which pass radially through the outer, 
annular-section portion into the base member. 

With this construction, the shouldered or broader 
portion of each slot has two internal shoulders dis- 20 
posed on opposite sides of the radial axis of the slot 
and so, even if the contact member in each slot is nar- 
rower than the necked or narrower portion of the slot, 
the contact member, the carbon segment and its in- 
tegral anchor piece are held in place, against centri- 25 
fiigai force by engagement of the anchor piece with 
the internal shoulders of the slot However, if each 
contact member has two lateral edge parts and a cen- 
tral part, between the lateral edge parts, formed with 
at least one hole, the contact members may be re- 30 
spe<^lvely disposed within the shouldered or broader 
portions of the slots with the two lateral edge parts 
of each contact member in radial abutment with the 
two internal shoulders of the slot in which the contact 
member is disposed. This provides direct support for 3S 
the contact members against centrifugal force. In this 
case, the two internal shoulders preferably comprise 
radially inwardly facing abutments, perpendicular to 
the radial axis of the slot. 

In a preferred embodiment, the internalty-shoul- 40 
dered slots are cruciform-section slots, and each slot 
has two lateral portions which respectively accommo- 
date the lateral edge portions of the contact member 
disposed within the slot to thereby radially locate the 
contact member. This helps to maintain the contact 45 
member in its correct position during overmoulding of 
the cartx)n layer. 

One end of each contact member may be provid- 
ed with a terminal for connection to an armature wind- 
ing lead wire. so 

Each slot preferably has one end which is longi- 
tudinally adjacent one end of each other slot. The 
base member may then be provided with an annular 
radial extension, at least at said one end of each slot, 
which is formed with axially extending apertures, re- 55 
spectively aligned with the slots formed in the axially 
extending outer surface of the t>ase member. In this 
case, the contact members disposed in the slots may 



extend through the apertures. This provides addition- 
al support against radial displacement of the contact 
members and the overmoulded carbon segments as 
a result of centrifugal force. 

In a preferred embodiment of the invention, one 
end of each contact member extends through one of 
the apertures in such an annular radial extension and 
is provided with a terminal for connection to an arma- 
ture winding lead wire. 

The layer of carbon is preferably overmoulded on 
the outer surface of the base member by fitting a cir- 
cular section mould around the base member and In- 
jecting a mouldable mixture of carbon powder and 
carrier material into the space between the mould 
and the base member. This injection moulding tech- 
nique ensures that the mouldable mixture fills that 
part of each cruciform-section slot which is not occu- 
pied by the contact member disposed within the slot 
and is forced through any holes formed in the contact 
members. Any known carrier material, such as phe- 
nolic resin, may be used with the cartx^n powder to 
form the mouldable mixture for injection moulding, 
but the choice of carrier material and any subsequent 
heat treatment will depend on the operating require- 
ments of different commutators, in accordance with 
known technology which forms no part of the present 
invention. 

Where each slot has one end which is longitudin- 
ally adjacent one end of each other slot and the base 
member is provided with an annular radial extension 
at said one end of each slot, the annular radial exten- 
sion may be provided with an axial projection having 
a cylindrical outer surface for sealing engagement 
with the circular section mould. 

Sealing means may also be provided to seal be- 
tween the apertures formed in this annular radial ex- 
tension and the ends of the contact members which 
extend through these apertures to thereby prevent 
mouldable material which is injected into the space 
between the mould and the base member from flow- 
ing through the apertures. 

Two embodiments of the invention is hereinafter 
described, by way of example, with reference to the 
accompanying drawings. 

Brief Description of the Drawings 

Figure 1 is a sectional side elevation of a first cyl- 
indrical carbon segment commutator according to 
the invention, together with a terminal cover; 
Figure 2 is fragmentary sectional elevation of the 
assembly shown in Figure 1, taken across the 
Section 11-11 in Figure 1; 

Figure 3 is a sectional side elevation of a base 
member forming part of the commutator shown in 
Figures 1 and 2; 

Figures 4 and 5 are elevational views of opposite 
ends of the base member shown in Figure 3; 
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Figure 6 is an isometric view of a contact member 
forming part of the commutator shown in Figures 
1 and 2; 

Figure 7 is a sectional side elevation of an assem- 
bly comprising a base member and contact mem- 5 
bers forming parts of the commutator shown in 
Figures 1 and 2. together with a mould for use in 
producing a commutator in accordance with the 
Invention. 

Figure 8 is an isometric view of a contact member io 
forming part of a second commutator according 
to the Invention; 

Figure 9 is a sectional side elevation of an assem- 
bly, prior to injection moulding, forming part of a 
second commutator according to the invention; is 
and 

Figure 10 is an end elevation of an assembly, 
similar to the assembly shown in Figure 9, but af- 
tenhjectlon moulding has taken place. ^ 

20 

Best Modes for Carrying out the Invention 

As shown In Figures 1, 2 and 3, a cylindrical car- 
bon segment commutator comprises a base member 
1 having an axially extending outer surface 2. Slots 5 25 
formed in the outer surface 2 accommodate contact 
members 3 which extend through apertures 19 In an 
annularradlal extension 18of the base member 1 and 
are provided with terminals 15 which engage arma- 
ture winding lead wires 16. In the assembly shown in 30 
Figures 1 and 2, a cover 27 engages the base menr>- 
ber 1 and encloses the terminals 15. Each contact 
member 3 is formed with four holes 12 and each car- 
bon segment 4 is formed integral with an anchor 
piece 8 which fills those parts of the slot 5, including 35 
the holes 12, not occupied by the contact member 3 
disposed within the slot 5. .. 

As shown in Figures 2 and 4, the slots 5 are cru- 
clfbrm-shape In cross-section and have oppositely di- 
rected lateral parts 13 for acconnmodating the lateral 40 
edges 10 of the contact members 3 (see Figure 6). 

As shown in Figure 5, the base member 1 is pro- 
vided with a hub 28 on the opposite side of the annu- 
lar radial extension 18 to the axially extending outer 
surface 2. This hub 28 is provided with radially ex- 45 
tending abutments 29. between the apertures 19 
formed in the annular radial extension 18, to provide 
lateral support for the terminals 15 provided on the 
contact members 3. 

As shown in Figure 6, each elongate contact so 
member 3 has lateral edges 10 on opposite sides of 
a central part 11 in which the holes 12 are formed and 
a terminal 15 having two laterally-spaced, slotted side 
portions 30 for receiving the armature winding lead 
wire 16. Each side portion 30 is formed with a slot 31 55 
having a convergent mouth 32 and is shaped to strip 
insulation material on the wire 16 so that wire 16 
makes good electrical contact with the terminal 15 



when it is within the slot 31. Spurs 33 on the upper 
edge of each side portion 30 engage the cover 27, as 
shown In Figure 1, to secure the cover 27 in place. 

In the production of carbon segment commuta- 
tors, according to the invention, the base member 1 
and contact members 3 are constructed are hereinbe- 
fore described and then assembled, as shown in Fig- 
ure 7, with the contact members 3 extending through 
apertures 19 formed in the annular radial extension 
18. A circular section mould 22 is then fitted around 
the base member 1 and the contact members 3 so as 
to provide a sealed space 26 between the mould 22 
and the assembly of base member 1 and contact 
members 3. A mouldable mixture of carbon powder 
and carrier material, such as phenolic resin, is then 
injected into the space 26 through apertures (not 
shown) in the mould 22. This mouldable mixture flows 
into the cruciform-section slots 5 and passes through 



holes 12 formed in the contact members 3 to ensure 
that the mouldable material fills those parts of the 
slots 5 which are not occupied by the contact mem- 
bers 3. The space 26 also includes an annular-section 
portion 34 between the outer surface 2 of the base 
member 1 and the mould 22 to form a circumferential 
layer of carbon having an outer, annular-section por- 
tion 24. 

To ensure that the mould 22 seals the space 26, 
the annular radial projection 18 is provided with a co- 
axial annular projection 20 having a cylindrical sur- 
face 21 which is a tight fit with the internal surface of 
the mould 22. The length of the mould 22 and the a 
projection 20 are such that the base 35 of the mould 
22 can be pressed into sealing engagement with the 
adjacent end of the base member 1. 

After the space 26 has been filled with mouldable 
mixture and this mouldable mixture has solidified, 
and after any necessary processing or heat treatment 
of the mouldable mixture has taken place, the mould 
22 is removed and a cutting tool is used to form axial 
cuts 25 in the outer, annular-section portion 24 of the 
injection moulded layer so as to divide the outer, an- 
nular-section portion 24 into a plurality of carbon seg- 
ments 4 which are each integrally formed wit h anchor 
pieces 8 which fill those parts of the slots 5 which are 
unoccupied by the contact member 3. As shown in 
Figure 2. the axially extending cuts 25 pass through 
the outer, annular-section portion 24 of the injection 
moulded layer into the underlying base member 1. 

In the second embodiment of the invention 
shown in Figures 8 to 10, the contact members 3 are 
also formed with four holes 12 and with terminals 1 5. 
However, In this case, the terminals 15 comprise "U"- 
shaped portions 36, for clamping armature winding 
lead wires 16, and upstanding portions 37 extending 
from the ends 14 which pass through the apertures 
19 In the annular radial extension 18 of the base 
member 1 . 

As shown in Figure 8, the end 14 of each contact 
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members of the second embodiment, which extends 
through an aperture 19 in the annular radial extension 
18 is formed with two spurs 23 which engage the 
sides of the aperture 19and serve both to resist with- 
drawal of the contact member 3 from the aperture 19 5 
and as sealing means to prevent injection moulded 
material from flowing through the aperture 19 to- 
wards the terminal 15. 

As shown in Figure 9, a ring 38 of phenolic resin 
Is mounted on the base member 1 so as to provide a io 
longitudinal abutment for the contact members 3 and 
to hold the upstanding portions 37 against the annu- 
lar radial extension 18. The ring 38 also provides a 
heat resistant radial support for the "U'-shaped por- 
tions 36 of the terminal 15 so as to permit the portions is 
36 to be clamped around armature winding lead wires 
16 in hot staking operations. 

As shown in Figure 10, when the injection rruiuld- 
ing operation is completed, the base member 1 is en- 
closed in an injection moulded layer comprising an 20 
outer, annular-section portion 24 and integral anchor 
pieces 8. 



Claims 25 

1. A cylindrical carbon segment commutator, for an 
electric motor, comprising: 

a base member (1), of insulating material, 
having an axially-extending outer surface (2); 30 

a plurality of elongate, axially-extending 
contact members (3); and 

a plurality of carbon segments (4) respec- 
tively connected to the contact members (3) and 
held in fixed relation to the base member (1); 35 

characterised in that:- 

a plurality of axially-extending, internally- 
shouldered slots (5) are formed in the outer sur- 
face (2) of the base member (1); 

each slot (5) has a radial axis, a narrower 40 
portion (6) and, radially inwards of the narrower 
portion (6), a broader portion (7) of greater cir- 
cumferential extent than the narrower portion 

(6); 

the contact members (3) are respecth/ely 45 
disposed within the slots (5); and 

the cart>on segments (4) are overmoulded 
segments formed integral with anchor pieces (8) 
which are respectively disposed within the slots 
(5) and fill those parts of the slots (5) which are so 
not occupied by the contact members (3) dis- 
posed within the slots (5). 

2. A commutator, according to Claim 1, in which: 

the broader portion (7) of each slot (5) has 55 
two internal shoulders (9) disposed on opposite 
sides the radial axis of the slot (5); 

each contact member (3) has two lateral 
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edge parts (10) and a central part (11), between 
the lateral edge parts (10), formed with at least 
one hole (12); and 

the contact members (3) are respectively 
disposed within the broader portions (7) of the 
slots (5) with the two lateral edge parts (10) of 
each contact member (3) in radial abutment with 
the two internal shouldiers (9) of the slot (5) in 
which the contact member (3) is disposed. 

A commutator, according to Claim 2, in which the 
two internal shoulders (9) comprise radially in- 
wardly facing abutments, perpendicular to said 
radial axis. 

A commutator, according to Claim 3, in which the 
internally-shouldered slots (5) are cruciform-sec- 
tion slots, and each slot (5) has two lateral parts 
(13) which respectively accommodate the lateral 
edge parts (10) of the contact member (3) dis- 
posed within the slot (5) to thereby radially locate 
the contact member (3). 

A commutator, according to any preceding claim, 
in which each contact member (3) is provided at 
one end (14) with a terminal (15) for connection 
to an armature winding lead wire (16). 

A commutator, according to any of Claims 1 to 4, 
in which each slot (5) has one end (17) which is 
longitudinally adjacent one end (17) of each other 
slot (5); the base member (1) is formed with an 
annular radial extension (18), at least at said one 
end (17) of each slot (5); each radial extension 

(18) is formed with axially extending apertures 

(19) respectively aligned with the slots (5) formed 
in the axially extending outer surface (2) of the 
base member (1); and the contact members (3) 
disposed in the slots (5) extend through the aper- 
tures (19). 

A commutator, according to Claim 6, In which 
each contact member (3), has one end (14) which 
extends through one of the apertures (19) and is 
provided with a terminal (15) for connection to an 
armature winding lead wire (16). 

A commutator, according to Claim 6 or Claim 7. in 
which the base member (1) is provided with an 
annular radial extension (18) at said one end (1 7) 
of each slot (5); and the annular radial extension 
(18) is provided with a coaxial annular projection 

(20) having a cylindrical surface (21) for sealing 
engagement within a circular section mould (22) 
surrounding the outer surface (2). 

Acommutator, according to Claim 7, in which the 
base member (1) is provided with an annular ra- 
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dial extension (18) at said one end (17) of each 
slot (5); and sealing means (23) are provided to 
seal between the apertures (19) formed in the 
annular radial extension (1 8) and the ends (1 4) of 
the contact members (3) which extend through s 
said apertures (19). 

10. A method of manufacturing a cylindrical carbon 
segment commutator for an electric motor com- 
prising the steps of:- 

providing a base member (1) of insulating 
material having an axially extending outer sur- 
face (2) and, formed in the outer surface of the 
base member (1 ), a plurality of axially-extending. 
Internally-shouldered slots (5) which each has a is 
radial axis, a narrower portion (6) and. radially in- 
wards of the narrower portion (6), a broader por- 
tion (7) of greater circumferential extent than the 

narTOwer^rtiorr(6); 

mounting a plurality of elongate contact 20 
members (3) in the slots (5); 

overmoulding a layer of carbon, on the 
outer surface (2) of the base member (1), having 
an outer, annular-section portion (24) and a plur- 
ality of integral anchor pieces (8). respectively 25 
disposed within the slots (5), which fill those 
parts of the slots (5) which are not occupied by 
the contact members (3) disposed within the 
slots (5); and 

dividing the outer, annular-section portion 30 
(24) of the layer of carbon Into a plurality of clr- 
cumferentially-spaced segments (4), which are 
respectively integral with the anchor pieces (8), 
by means of axially extending cuts (25) which 
pass radially through the outer, annular-section 35 
portion (24) into the base member (1). 

11. A method, according to Qaim 9, In which the lay- 
er of carbon is overmoulded on the outer surface 
(2) of the base member (1) by mounting the base 40 
member (1) within a circular-section mould (22) 
and injecting a mouldable mixture of carbon pow- 
der and carrier material into the space (26) be- 
tween the mould (22) and the base member (1). 

45 
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(57) Carbon commutator segments (4) are sec- 
ured to a base member (1) by means of Integral 
anchor pieces (8) disposed within axially 
extending, crucifonn-section slots (5) formed in 
the outer cylindrical surface (2) of an insulating 
base member (1). Elongate contact members (3) 
having lateral edges (10) seated in lateral parts 
(13) of the slots (5) are embedded in the anchor 
pieces (8) and are each provided, at one end, 
with a tenninal (15) for connection to an armat- 
ure winding lead wire (16). The carbon seg- 
ments (4) and the integral anchor pieces (8) are 
formed by enclosing the base member (1), to- 
gether with assembled contact members (3), in 
a mould and then injecting a mouldable mixture 
of carbon powder and earner material into the 
space between the mould and the assembly. 
When the injection moulded layer has solidified, 
an annular-section outer portion of this injec^ 
tion rrvoutded layer is divided into segments (4) 
by means of axially-extending radial cuts (25). 
Holes (12). fomted in a central part of each 
contact member (3). facilitate the flow of mould- 
able mixture and ensure that the mouldable 
mixture fills that part of each slot (5) which is 
not occupied by the contact member (3) dis- 
posed within the slot (5). 
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